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Transmitted herewith for filing is the patent application of 

lnventor{s): Thomas C. EVANS 

Ming-Qun XU 
WARNING: 37 C.F.R. § 1.41(a)(1) points out: 

'*(a) A pat&7t is applied for in the name or names of the actual inventor or inventors, 

"(1) The inv&itorship of a nonprovisionai application is that inventorship set ^yth in the oath or 
dedaratson as prescribed by § 1,63, except as provided for in § 1.53(d)(4) and § 1.63(d). If an 
oath or dedaration as prescribed by § 1.63 is not filed during the pendency of a nonprovi^onal 
application, the inventorship is that inventorship set forth in the application papers filed pursuant 
to § 1.53(b), unless a petition under this paragraph accompanied by the fee set forth in § 1.1 7(i) 
is filed suppiying or changing the name or names of the inventor or inventors." 



For (title): 



INTEIN-MEDIATED PROTEIN' LIGATION OF EXPRESSED PROTEINS 



CERTIFICATION UNDER 37 C.F.R. § 1.10* 
(Express Mail label number is mandatory.) 
Express Mail certification is optionaL) 

I hereby certify that this New Application Transmittal and the documents refened to as attached therein are being 

deposited with the United States Postal Service on this date 12 February 1999 , in an envelope 

as "Express Mail Post Office to Addressee," mailing Label Number EE466580584US ^ ad- 
dressed to the: Assistant Commissioner for Patents. Washington, D.C. 20231. 

Melissa 



WARNING: 



^WARNING: 




ign^ture of person maillag paper 

Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F,F{ § 1.8 cannot be 
used to obtain a date of mailirtg or transmission for this correspondence. 

Each paper or fee filed by "Express Mail" mumi have the number of the ''Express Mail" maHing ^abel 
placed thereon prior to mailing. 37 C.F.R. § I.IOQy). 

"Since the filing of conespondence under § 1. 10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition. " Notice of Oct. 24, 1996, 60 Fed. Fieg. 56,439, at 56,442. 
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1. of Application 

This new application is for a(n) 

(check one applicable Item below) 

0 Original (nonprovisional) 

□ Design 
□ Plant 

WARNING: Do not use this transmittaJ for a completion in the U.S. of an International Application under 35 
U.S.C, § 371(cX4), untess the international Appiication is being filed as a divisional, continuation 
or continuation'in-part application. 

WARNING: Do not use this transmittal ior the Wing of a provisional application. 

NOTE: IfoneofthefollovinngSitemsapply, then complete and atmch ADDED PAGES FOR NEW APPLICAVON 
TRANSMITTAL WHERE BENEFIT OF A PRIOR US. APPLICATION CLAIMED and a NOVFICAVON 
IN PARENT APPLICAVON OF THE RUNG OF THIS CONTINUATION APPUCATION 

□ Divisional. 

□ Continuation. 

□ Continuation-in-part (C-l-P). 

2. Benefit of Prior U.S. Application(s) (35 U.S.C. §§ 119(e). 120, or 121) 

NOTE: A nonprovisional application may claim an invention disclosed in one or more prior filed copending 
nonprovisional applications or copending international applications designating the United States of 
America. In order for a nonprovisional application to claim the tienefit of a prior filed copending 
nonprovisional application or copending international application designating the United States of 
America, each prior application must name as an inventor at least one inventor named in the later filed 
nonprovisional application and disclose the named inventor's invention claimed in at least one daim 
of the later tiled nonprovisional application in the manner provided by the first paragraph of 35 U.S.C. 
§ 112. Each prior application must also be: 

0) An international application entitied to a filing date in accordance with PCT Article 11 and 
designating tiie United States of America; or 

^i) Complete as set forth in § 1,51(b); or 

(?//) Entitied to a filing date as set forth in § 1.53(b) or § t53(d) and include tiie basic tiling fee set 
forth in § 1.16; or 

dv) Entitied to a tiling date as set forth in § 1.53(b) and have paid ther&n the processing and r&tention 
fee set forth in § 1.21(f) within the time period set forth in § 1.53(f). 

37C.F.R. § 1.78(^1). 

NOTE: If the new application toeing transmitted is a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMfTTAL WHERE BENEFIT OF PRIOR U.S. APPUCA- 
TION(S) CLAIMED. 

WARNING: If an application claims tiie benefit of tiie filing date of an earlier filed application under 35 U.S.C. 

§§ 120, 121 or 365(c), tiTe 20-year tenn of that application will be based upon ifte filing date of 
the eariiest U,S. application tiiat tiie application makes reference to under 35 U.S.C. §§ 120, 121 
or 365(c). (35 U.S.C. § 154(a)^) does not take into account, for tiie detemiination of tiie patent 
tenn, any application on which priority is cleumed under 35 U.S.C. §§ 119, 365(s^ or 365(b).) For 
a C-/-P application, applicant should review whether any claim in the patent that will issue is 
supported by an eariierapplica^'on and, if not, the applicant should consider canceling the reference 
to the eariier filed apf)lication. The tenn of a patent is not based on a claim-by-daim approach. 
See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 
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WARNING: When the last day of pendency of a provisional application fedis on a Saturday, Sunday, or Federal 
holiday within the District of Columbia, any nonprovisionat application claiming benefit of the 
provisional application must be filed prior to the Saturday, Sunday, or Federal holiday within the 
District of Columbia. See 37 C.F.R § 1J8(am- 

a The new application being transnriitted claims the benefit of prior U.S. appllca- 
tlon(s). Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPL!CATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for filing date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 1.153 
(Design) Application 
Pages of specification (includes cover page) 

^ Pages of claims 

_A Sheets of drawing 

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when 
filing a patent application. The drawings that are submitted to the Office must be on strong, white, 
smooth, and non-shiny paper and meet the standards according to § 1.04. If conections to the 
drawings are necessary, they should be made to the original drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy is required or desired. 
For comments on proposed then-new 37 C.F.R. § 1.84, see Notice of March 9, 1988 (1990 O.G. 
57-62). 

NOTE: "Identifying indicia, if provided, should include the application number or the f/tfe of the inven^on, 
inventor's name, docket number (if any), and the name and telephone number of a person to call if 
the Office is unable to match the drawings to the proper application. This information should be placed 
on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 inch) down from the top 
of the page . . 37 C.F.R. § 1.84(c)). 

(complete the Mowing, if applicable) 

□ The enclosed drawing(s) are photograph(s), and there is also attached a 
"PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)." 37 C.F.R. 
§ 1.84(b). 

□ formal 
H informal 

B. Other Papers Enclosed 
^ Pages of declaration and power of attorney 
^ Pages of abstract 

Other 

4. Additional papers enciosed 

□ Amendment to claims 

□ Cancel in this applications claims before 

calculating the filing fee. (At least one original independent claim must be 
retained for filing purposes.) 

□ Add the claims shown on the attached amendment. (Claims added have 
been numbered consecutively following the highest numbered original 
claims.) 

□ Preliminary Amendment 

□ Infonnation Disclosure Statement (37 C.F.R. § 1.98) 

□ Forni PT0^1449 (PTO/SB/08A and 088) 

□ Citations 

(New Application Transmittal [4-11— page 3 of 11) 



□ Declaration of Biological Deposit 

3 Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow Instructions from Representa- 
tive 

□ Special Comments 

S Other Statement of Submitting Sequence; Papercopy of Sequence 

5. Declaration or oafh (including power of attorney 

NOTE: A newly executed declaration is not required in a continuation or divisional application provided that 
the prior nonprovisionsd application contained a declaration as required, the application being filed is 
by all or fewer than all the inventors named in the prior application, there is no new matter in the 
application being filed, and a copy of the executed declaration filed in the prior application (showing 
the signature or an indication thereon that it was signed) is submitted. The copy must be accompanied 
by a statement requesting deletion of the names of person(s) who are not inventors of the application 
being filed , If the declaration in the prior application was filed under § 1.47, then a copy of that 
declaration must be filed accompanied by a copy of the decision granting § 1A7stsAusor, ifanonsigning 
person under § 1.47 has subs^uently joined in a prior application, then a copy of the subsequently 
executed deciaration must be filed. See 37 C.F.R. §§ 1.63(d)(1H3). 

NOTE: A declaration filed to complete an application must Jbe executed, identify the specification to which it 
is directed, identify each inventor by full name including family name and at least one given name, without 
abbreviation together with any other given name or initial, and the residence, post office address and 
country or citizenship of each inventor, and state whether the inventor is a sole or joint inventor 37 
C.F.R § 1,63(a)(1H4y 

d Enclosed 
Executed by 

(check all applicable boxes) 

^ inventor(s). 

□ legal representative of inventor(s). 
37 C.F.R. §§ 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 C.F.R. § 1 .47 and the statement 
required by 37 C.F.R. § 1.47 Is also attached. See item 13 below 
for fee. 

□ Not Enclosed. 

NOTE: Where the filing is a completion in the U.S. of an International Application or where the completion of 
the U.S. application contains subject matter in addition to tiie International Application, the application 
may be treated as a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE 
FOR NEW APPLICATION TFIANSMfTTAL WHERE BENEFff OF PRIOR U.S. APPLICATION CLAIMED. 

□ Application is made by a person authorized under 37 C.F.R. § 1.41(c) on 
behalf of all the above named inventor(s). 

(The declaration or oath, along with the surcharge required by 37 C.F.R, § 1.16(e) 

can be filed subsequently), 

□ Showing that the filing is authorized. 

(not required unless called into question, 37 C.F.R. § 1.41(d)) 
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6. Inventorship Statement 

WARNING: If the named inventors are each not the inventors of ail the claims an explanation, including the 
ownership of the various claims at the time the last claimed invention was made, should be 
submitted. 

The inventorship for all the claims in this application are: 

□ The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed invention was made, 

□ is submitted. 

□ will be submitted, 

7. Language 

NOTE: An application including a signed oath or declaration may be filed in a language other than English. 
An English translation of the non-English language application and the processing fee of $130.00 
required by 37 C.F.R § 1.17(14 is required to be Wed with the application, or within such time as may 
tie set by the Office, 37 C.F.R § 1.52(d). 

n English 

□ Non-English 

□ The attached translation includes a statement that the translation is accu- 
rate. 37 C.F.R. § 1.52(d). 

8. Assignment 

m An assignment of the invention to New England Biolabs, Inc. 



a is attached. A separate □ "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or S FORM PTO 
1595 is also attached. 

□ will follow. 

NOTE: If an assignment is submitted with a new application, send two separate letters-one for the application 

and one for the assignment." Notice of May 4, t990 (1114 O.G. 77-73), 
WARNING: A newly executed "CERTIFICATE UNDER 37 C.F,R. § 3,73(b)'' must be filed when a continuation- 
in-part application is filed by an assignee. Notice of April 30, t993, f 750 O.G. 62-64. 
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9. Certified Copy 

Certified copy(ies) of application(s) 



Country 


Appln. No. 


Filed 


Country 


Appin, No. 


Filed 


Country 


Appln. No. 


Filed 



from which priority is claimed 

□ is (are) attached. 

□ will follow. 

NOTE: The foreign application fonning the basis for the claim for priority must be referred to in the oath or 
dedamtion. 37 C.F.R. § 7.55fe) and 1.63. 

NOTE: This item is for any foreign priority for which the appHca^on being filed directly relates. If any parent 
U.S, appiication or International Application from which this application daims benefit under 35 U.S.C. 
§ 120 is itself entitled to priority from a prior foreign application, ttien complete item 18 on the ADDED 
PAGES FOR NEW APPUCATION TBANSMITTAL WHERE BENEFfT OF PRIOR U.S. APPUCAVON(S) 
CLAIMED. 

10- Fee Calculation (37 C.F.R. § 1.16) 
A. IS Regular application 



CLAIMS AS FILED 



Number filed 




Number Extra 


Rate 


Basic Fee 
37 C.F.R. 1.16(a) 
$760.00 


Total 

Claims (37 C.F.R. 
§ 1-16(c)) 


49 


20 = 29 X 


$ 18.00 


522.00 


independent 
Claims (37 C.F.R. 
§ 1-1 6(b)) 


7 


4 

3 = X 


$ 78.00 


312.00 


Multiple dependent claim(s), 
if any (37 C.F.R. § 1.16(cl)) 


+ 


$260.00 


260.00 



□ Amendment cancelling extra claims is enclosed. 

□ Amendment deleting multiple-dependencies is enclosed. 

□ Fee for extra claims is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on ^ling they must be paid or the daims cancelled by amendment 
prior to Uie expiration of the time period set for response by the Patent and Trademark Office in any 
notice of fee deficiency. 37 C.F.R. § 1.16(d). 

Filing Fee Calculation .$ ^854. 00 

B. □ [Design application 

($310.00—37 C.F.R. § 1.16(f)) 

Filing Fee Calculation $ 

C. □ Plant application 

($480.00—37 C.F.R. § 1.16(g)) 

Filing fee calculation $ 
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11. Small Entity Statement(s) 

m Statement(s) that this is a filing by a small entity under 37 C.F.R. § 1 .9 and 1 .27 
is (are) attached. 

WARNING: '^Status as a small entity must be speciUcsdly established in each application or patent in which 
<he status is available and desired. Status as a small entity in one application or patent does not 
affect any other application or patent, including applications or patents which are directly or 
indirectly dependent upon the application or patent in which the status has been established. The 
refiling of an apr)lication under § 1.53 as a continuation, division, or continuatton-in-part (induding 
a continued prosecution application unr^r § 1,53(df), or the Wing of a reissue application requires 
a new determination as to continued entitiement to small entity status for the continuing or reissue 
application. A nonprovisionat application claiming benefit under 35 U.S-C. § 119(e), 120, 121, or 
365(c) of a prior application, or a reissue application may rely on a statement filed in the prior 
apptic^on or in the patent if the nonprovisionat application or the reissue application includes a 
reference to the statement in the prior application or in the patent or includes a copy of the 
statement in the prior application orintiie patent and status as a small entity is still proper and 
desired. The payment of the small entity basic statutory filing fee will be treated as such a reference 
for purposes of this section." 37 C.F.R. § 1.28(a)(2). 

WARNING: "Small entity status must not be established when the person or persons signing the. . .statement 
can unequhrocally make the required s^f-certification." I^.REP,, § 509.03, 6th ed., rev. 2, July 
1996 (emphasis added). 

(complete the followmg. If applicable) 

□ Status as a small entity was claimed in prior application 

/ , filed on , from which benefit 

is being claimed for this application under 

35U.S.C. § □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is still proper and desired. 
□ A copy of the statement in the prior application is included. 

Filing Fee Calculation (50% of A, B or C above) 

^ 927.00 

NOTE: Any excess of the full fee paid will t>e refunded if small entitiy status is established and a refund request 
are filed within 2 months of tiie date of timely payment of a full fee. The two-month period is not 
extendable tmder § 1.136. 37 C.F.R. § 1.2B(a). 

12. Request for International-Type Search (37 C.F.R. § 1.104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. 
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13. Fee Payment Being Made at This Time 

□ Not Enclosed 

□ No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.RR. § 1.16(e) can be paid 
subsequently,) 

H Enclosed 

a Filing fee 

(3 Recording assignment 

($40.00; 37 C.F.R, § 1.21(h)) 
(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 
APPLICATION".) 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

($130,00; 37 C.F.R. §§ 1.47 and 1.1 7(i)) 

□ For processing an application with a 
specification in 
a non-English language 
($130.00; 37 C.F.R. §§ 1.52(d) and 1.17(k)) 

□ Processing and retention fee 
($130.00; 37 C.F.R. §§ 1.53(d) and 1.21(0) 

□ Fee for intemational-type search report 
($40.00; 37 C.F.R. § 1.21(e)) 

NOTE: 37 C.F.R. § 1.21(1) establishes a fee for processing and retaining any application that is abandoned for 
^tiling to complete the applics^on pursuarit to 37 C.F.R § 1.53(f) and this, as well as the dmnges to 
37 aF.R §§ 1.53 and 1. 78(a)(1), indicate that in order to obtain the benefit of a prior U.S. application, 
either the basic ^ting fee must be paid, or the processing and re^ntion fee of § 1.21^ must be paid, 
within 1 year from noHficatdon under § 53(9. 

Total fees enclosed $ 967. OQ 

14. Method of Payment of Fees 

12 Check in the amount of $ 967.00 

□ Charge Account No. in the amount of 

$ 

A duplicate of this transmittal is attached. 
NOTE: fees should be itemized in sudi a manner that it is clear for which purpose the fees are paid. 37 C.F.R. 
§ 1.22(b), 



$ 927.00 
$ 40.00 

$ 

$ 

$ 

$ 
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15. Authorization to Charge Additional Fees 

WARNING: if no fees are to be paid on Wing, the foHowing items should not be compieted. 

WARNING: Accurately count daims, especially multiple dependent claims, to avoid unexpected high charges, 
if extra daim charges are authorized. 

El The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 

14-0740 : 

a 37 C.F.R. § 1.16(a). (f) or (g) (filing fees) 

S 37 C.F.R. § 1.16(b), (c) and (d) (presentation of extra claims) 

NOTB: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of me time period 
set for response by the PTO in any notice of fee defidency (37 C.F.R § I.IBld)), it might be best not 
to authorize Uie PTO to diarge addiihn^ daim fees, except possibly wh&) dealing with amendments 
after final action. 

[3 37 C^F.R. § 1 .1 6(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing date of the application) 

la 37 C.F.R. § 1.17(a)(1)K5) (extension fees pursuant to § 1.136(a)). 

[1 37 C.F.R. § 1,17 (application processing fees) 

NOTE: " . A written request may be submitted in an application that is an authorizadon 

or future reply, requiring a petition for an extension of time under this paragraph for its timely sut>mission, 
as incofporating a paction for extension of time for the appropriate length of time. An authorizadon to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as a 
constructive petition for an extension of tinw in any concurrent or future reply requiring a petition for 
an extension of time under this paragraph for its timely submission. Sutymisaion oftfiefeeset forth in 
§ 1.17(ad will also be treated as a constructive petition for an &(tension of time in any concunent r^ 
requiring a petition for an extension of time under this paragraph for its timely stibm/ssron.* 37 C.F.R. 
§ 1.136(a)P). 

□ 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an au^orization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automaHcaHy charged to the (^posit account at the time 
of mailing the noUce of sdlawance. 37 C.ER. § 1.311p). 

NOTE: 37 C.ER, § 1.28fib) requires "Notification of any change in status resulting in loss of entitlement to small 
entity status mt^ be filed in the application . . . prior to paying, or at the dme of paying, . . .theissue 
fee. . . " From t/?e wording of 37 C.F.R. § 1.2Bp), (a^ no^cation of change of status must be n^tde 
even if the fee is paid as "ottier than a small entity* and p) no notification is required if the change 
is to another small entity. 
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16. Instructions as to Overpayment 

NOTE: . . Amounts of twenty-fiye chllars or less will not be retunwd 

a reasonable time, nor will the payer be notified ofsucfi amounts; amounts overtwwtty-five dollars may 
be returned by check or, if requested, by credit to a d^X}sit account' 37 C.FJ?. § 1,26(a). 

m Credit Account No. ^^"^^^^ 



□ Refund 




SIGNATURE OF PRACTmONER 

Reg. No. 30901 Gregory D. Williams 

General Counsel 



(type or print name of attorney^ 
Tel. No. ( 97^ 927-5054 X:292 ^ew England Biolabs, Inc. 

32 Tozer Road 



P.O. Ackjlress 

Customer No. Beverly, MA 01915 
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m Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the benefit of 
prior U.S. application(s) including an international application entering the U.S. 
stage as a continuation, divisional or C-l-P application) and complete and attach 
the ADDED PAGES FOR NEW APPUCATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR as. APPLICATION'S) CLAIMED) 

13 Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 5 

□ Plus Added Pages for Ps^aers Refen^ to in Item 4 Myo\fe 

Number of pages added 

□ Plus added pages deleting names of inventor(s) named in prior application(s) 
who is/are no longer inventor(s) of the subject matter claimed in this application. 

Number of pages added 

□ Plus "Assignment Cover Letter Accompanying New Application** 

Number of pages added 

n statement Where No Further Pages Added 

Cff no further pages form a part of this Transmittal, then end this Transmittal with 
this page and check the fdllowirig item) 

□ This transmittal ends with this page. 
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Practitioner's Doclcet No. NEE- 154 



PATENT 



ADDED PAGES FOR APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR U.S- APPLICATION(S) CLAIMED 

NOTE: See 37 C.F.ft § 7.78, 

17. Relate Back 

WARNfNG: If an appiicaHon ciatms the benefit of the fitmg date of an earlier filed application under 35 U,S.C. 



§§ 120, 121 or 365(c), the 20-year term of that application will be based upcm me filing date of 
the earliest US. applicati<yi that the application makes reference to under 35 U.S.C, §§ 120, 121 
or 36S(c), (35 aS.C. § 154(^) does not take into account, for the determination of the patent 
term, any application on which priority is claimed under 35 U.S.C. §§ 119, 365(a) or 365(b).) For 
3 o-He> application^ applicant should review whether any daim in the patent that will issue is 
supported by an earlier application and, if not, the applicant should consider canceling ttie reference 
to the earlier filed application. The term of a patent is not based on a daim-by-claim approach. 
See Ncrtrce of April 14, 1995, 60 Fed. Reg, 20,195, at 20,205, 



□ Amend the specification by inserting, before the first line, the following sentence: 
A. 35 U.S.C. § 1 19(e) 

NOTE: "Any nonpn^visional application claiming the benefit of one or more prior filed copending provisional 
applications must contain or be amended to contain in the first sentence of the specifica^on following 
the titie a reference to each such prior provisional application, identifying it as a provisional application, 
and including the provisional application number (consisting of series code and serial numbed' 37 C.F,R. 
§ 1-7m(4). 

S "This application claims the benefit of U.S. Provisional Application(s) No{s).: 



(complete the following, if applicable) 



APPLICATION NO(S).: 



FlUNG DATE 



60 / 102,413 



Sept, 30, 1998 



» 



/. 



» 



(Added Pages for Application Transmittal Where Benefit of Prior U.S. Appiication(s) Claimed 
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B. 35 U.S.C. §§ 120, 121 and 365(c) 

NOTE; "Except for a continued prosecution application filed under § 1.53(d), any nonprovisional explication 
claiming the benefit of one or more prior filed copending nonprovisionai apptica^ons or intemationa! 
applications designating tfie United States of America must contain or be amended to contain in the 
first sentence ofthespeci^cation following theme a reference to each such prior application, identifying 
it by application numt)er (consisting of the series code and serial number) or intemationaJ application 
numt>er and international fifing date and indicating the relationship of die applications. . . . Cross- 
references to other related applications may be made when appropriate," (See § 1J4(a)), 37 C.F.R. 
§ 1Jm(2). 

12 "This application is a 

□ continuation 

(3 continuation-in-part 

□ divisional 

Patent No, 5,834,247 xssued 
Of copending application(s) November 40, 1998) 
m applirflfinn niimhAr nS / 811.492 (now U.S. ^fitecK^gRX » 

filed on March 5, 1997. 

□ International Application filed on 

and which designated the U.S." 



NOTE: The proper reference to a prior filed PCT application that entered the US. national phase is ttie U,S. 
seriai number and the Ming date of the PCT application that designated the U.S, 

NOTE: (1) Where the application being transmitted adds subject matter to the Intemadonai Application, ttien 
the filing can be as a continuation-in-part or(^) if it is desired to do so for other /©asons then the filing 
can be as a continusOion. 

NOTE: The deadline for entering the nationai phase in the U.S. for an intemationai application was clarified 
in the Notice of April 28, 1987 (1079 O.G. 32 to 46) as follows: 

*lhe latent and Trademark Office considers the Intemationai application to be pending until the 22nd 
month from the priority date if the United States has i>een designated and no Demand for Intemationai 
Preliminary Examination has been filed prior to the &qyiration of the 19th month from the priority date 
and until the 32nd month from the priority date if a Demand for Intemationai Pr^iminary Examination 
which elected the United States of America has been filed prior to the expiration of the 19th month 
from the priority date, provided that a copy of the intemationai application has been communicated 
to the Pat&tt and Trademark Office within the 20 or 30 month period respectively. If a copy of the 
intemationai application has not been communicated to the Patent and Trademarii Office within the 
20 or 30 month period respectively, the intemationai application becomes abandoned as to the United 
States 20 or 30 months from the priority date respectivley. These periods have been placed in the mles 
as paragraph (h) of§ 1,494 and paragraph (f) of§ 1.495. A continuing application under 35 U.S.C. 365(c) 
and 120 may be filed anytime during tiie pendency of the intemationai application." 

□ The nonprovisional application designated above, namely application 

/ , filed , clainns the benefit of 

U.S. Provisional Application(s) No(s).: 



APPLICATION NO(S).: FILING DATE 



/_ 



□ Where more than one reference is made above, please combine all references 
into one sentence. 
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18. Relate Back— 35 U.S.C. § 119 Priority Claim for Prior Application 

The prior U.S. application(s), including any prior International Application designating the 
U.S., identified above in item 17B, in turn itself claim{s) foreign prlority(ies) as follows: 

Country Appln. no. Filed on 

The certified copy(ies) has (have) 

□ been filed on , in prior application 0 / , which was 

filed on 

□ is (are) attached. 

WARNING: The certified copy of the priority application that may have been communicated to the PTO by 
the International Bureau may not be relied on without any need to file a certified copy of the priority 
appiication in the continuing application. This is so because the certified copy of the priority 
application communicated by the International Bureau is placed in a folder and is not assigned 
a U.S. serial number unless the national stage is entered. Such folders are disposed of if the national 
stage is not entered. Therefore, such certified copies may not be available if needed later in the 
prosecution of a continuing application. An alternative would be to physically remove the priority 
documents from the folders and transfer them to the continuing application. The resources required 
to request transfer, retrieve the folders, make suitable record notations, transfer the certified copies, 
enter and make a record of such copies in the Continuing Application are substantial. Accordingly, 
the priority documents in folders of international applications that have not entered tiie national 
stage may not be relied on. Notice of April 28, 1987 (1079 O.G. 32 to 46). 

19. Maintenance of Copendency of Prior Application 

NOTE: The PTO finds it useful if a copy of the petition filed in the prior application extending the term for 
response is filed with the papers constituting the filing of the continuation application. Notice of 
November 5, 1985 (1060 O.G, 27). 

A. □ Extension of tinne in prior application 

(This item must be completed and the papers filed in the prior application, 
if the period set in the prior application has mn.) 

□ A petition, fee and response extends the term in the pending prior application 

until 

□ A copy of the petition filed in prior application is attached. 

B. □ Conditional Petition for Extension of Time in Prior Application 

(complete this item, if previous item not applicable) 

□ A conditional petition for extension of time is being filed in the pending prior 
application. 

□ A copy of the conditional petition filed in the prior application is attached. 
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20. Further Inventorship Statement Where Benefit of Prior Appiication(s) 
Claimed 

(complete applicable item (a), (fa) and/or (c) below) 

(a) □ This application discloses and claims only subject matter disclosed in tlie prior 
application whose particulars are set out above and the inventor(s) in this 
application are 

□ the same. 

□ less than those named in the prior application, it is requested that the 
following inventor(s) identified for the prior application be deleted: 



(type name(s) of inventor(s) to be deleted) 

(b) □ This application discloses and claims additional disclosure by amendment and 
a new declaration or oath is being filed. With respect to the prior application, 
the inventor(s) in this application are 

□ the same. 

□ the following additional inventor(s) have been added: 



(type name(s) of inventor(s) to be added) 
(c) The inventorship for ail the claims in this application are 

□ the same. 

□ not the same. An explanation, including the ownership of the various claims 
at the time the last claimed invention was made 

□ is submitted. 

13 will be submitted. 
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21. Abandonment of Prior Application (if applicable) 

□ Please abandon the prior application at a tinr:e while the prior application is 
pending, or when the petition for extension of time or to revive in that application 
is granted, and when this application is granted a filing date, so as to make this 
application copending with said prior application. 

NOTE; According to the Notice of May 13, 1983 (103, WlOG 6-7),^ Wmg of a continuation or continuation-in- 
part appUcation is a proper response with respect to a petition for extension of time or a petition to 
revive and should include the express abandonment of the prior application conditioned upon the 
granting of the petition and the granting of a Ming date to the continuing application. 

22. Petition lor Suspension of Prosecution for tlie Time Necessary to 

File an Amendment 

WARNING: Ihe daims of a new applica^on may be Anally r^ected in the ^rst Office action in those situat'ons 
where (1) the new application is a continuing application of, or a substitute for, an earlier application, 
and (2) ail the claims of the new application (a) are drawn to the same invention claimed in the 
eariierappiication, and fb) wouid have been properiy finaily rejected on the grounds of art of record 
in the next Office a<^on if they had been entered in the earlier application.'' M,P£.^^^ § 706.07(b), 
6th ed., rev. 2. 

NOTE: Where it is possible that the claims oa fiie wiilgive nsetoa first action final for this continuation application 
and for some reason an amendment cannot be filed promptly (e.g., experimentat data is b^ng gathered) 
it may be desirable to file a pe^'on for suspen^'on of prosecution far the fime necessary. 

(check tfie next item, if applicable) 

□ There is provided herewith a Petition To Suspend Prosecution for the Time 
Necessary to File An Amendment (New Application Filed Concurrently) 

23. Small Entity (37 C.F.R. § 1.28(a)) 

□ Applicant has established small entity status by the filing of a statement in parent 
application / on 

□ A copy of the statement previously filed is included. 

WARNiNG: See 37 C.F.R. § 1.28(ai. 

WARNING: "Small entity status must not be established when the person or persons signing the. . .statement 
can unequivocatty make the required s^f-cer^fica^on." M.P.E.P,, § 509.03, 6th ed., rev. 2, July 
1996 (emphasis added). 

24. NOTIFICATION IN PARENT APPUCATION OF THIS FILING 

□ A notification of the filing of this 
(check one of the following) 

□ continuation 

□ continuation-in-part 

□ divisional 

is being filed in the parent application, from which this application claims priority under 35 
U.S.C. § 120. 

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed 
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Practitioner's Docket No. ^^^"^^^ PATENT 



CX Applicant Evans, et al. □ Patentee 

□ Application No. □ Patent No 

□ Filed on □ issued on 

Trtle: INTE IN-MEDIATED p-ROTKIN T.TaATTON nv RYV^V QQvn P1^0TKTN<^ 

STATEMENT CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) and 127(c))— SMALL BUSINESS CONCERN 

I hereby state that I ain 

□ the owner of the small business concern identified below: 

E an official of the snr^all business concern empowered to act on behalf of the 
concem identified below: 

Name of Small Business Concem New England Bioiabs, inc. 

Address of Small Business Concem 32 Xozer Road 

Beverly, MA 01915 

I hereby state that the above identified small business concem qualifies as a small 
business concem, as defined in 13 CFR 121.12, and reproduced in 37 CFR 1.9(d), for 
purposes of paying reduced fees to the United States Patent and Trademark Office under 
Sections 41(a) and (b) of Title 35, United States Code, in that the number of employees 
of the concem. including those of its affiliates, does not exceed 500 persons. For purposes 
of this statement. (1) the number of employees of the business concem is the average over 
the previous fiscal year of the concem of the persons employed on a full-time, part-time 
or temporary basis during each of the pay periods of the fiscal year, and (2) concerns are 
affiliates of each other when either, directly or indirectly, one concem controls or has the 
power to control the other, or a third-party or parties controls or has the power to control 
both. 

I hereby state that rights under contract or law have been conveyed to. and remain with, 
the small business concem identified above, with regard to the invention described in 

a the specification filed herewith, with title as listed above. 

□ the application identified above. 

□ the patent identified above. 

If the rights held by the above-identified small business concem are not exclusive, each 
individual, concem or organization having rights in the invention is listed below* and no 
rights to the invention are held by any person, other than the Inventor, who would not qualify 
as an independent inventor under 37 CFR 1 .9(c), that person made the invention, or by 
any concem which would not qualify as a small business concem under 37 CFR 1.9(d) or 
a nonprofit organization under 37 CFR 1.9(e). 
*NOTE: Separate statements are mquired from each named person, concem or organization having rights to 
the invention as to their status as smali entities. (37 CFR 1.27) 
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Each such person, concern or organization having any rights In the invention is listed 
below: 

□ No such person, concern, or organization exists. 

□ Each such person, concern or organization is listed below. 
Name England Biolabs, Inc. 



AririrPftQ 32 Tozer 


Road 




Beverly, 


MA 01915 




□ INDIVIDUAL C 


a SMALL BUSINESS CONCERN 


□ NONPROFrr ORGANIZATION 








AririrA<w 



□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent notification of any change 
in status resulting in loss of entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee due after the date on which 
status as a small business entity is no longer appropriate. (37 CFR 1.28(b)) 

(check the following item, if desired) 

NOTE: The following verification statement need not be made in accordance with the rules put)lished on Oct 
10, 1997, 62 Fed. Reg, 52,131, effective Dec, 1, 1997, 

NOTE: "The presentation to the Of^ce (whether by signing, filing, submitUng, or later advocating of any paper 
byaparty, whether a practitioner or non-prsK^titioner, constttutes a certification tmder§ 10,18(b)of^is 
chapter \^olations of § 10.18(b)(2) ofthis chapter by a party, whether a pracmioner or non-practitioner, 
may result in the imposition of sancUons under § 10. 18(c) of this chapter. Any practitioner violating 
§ 10,1 8(b) may also be subject to disciplinary action. See §§ 10,1 8(d) and 10,23(cX15),' 37 C.F.R 

5 i-m(2). 

El I hereby declare that all statements made herein of my own knowledge are true and 
that ail statements made on infomnation and belief are believed to be true; and further, that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code, and that such willful false statements may jeopardize the validity 
of the application, any patent issuing thereon, or any patent to which this verified statentent 
is directed. 

Name of Person Signing Gregory D> Williams 

-n*i £ n ic r^t^ -r-i_ ^ General Counsel 

Title of Person if Other Than Owner 



Address of Person Signing New England Biolabs, Inc. 

32 Tozer Road; Beverly, MA 01915 



SIGNATURE 



Dat e ^A4'7 

(Small Entity-Ismail Business [7-4]— page 2 of 2) 
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INTEIN-MEDIATED PROTEIN LIGATION OF 
EXPRESSED PROTEINS 

RELATED APPLICATIONS 

This Application is a Continuation-in-Part of U.S. S.N. 
08/811,492, filed March 5, 1997 now U.S. Patent No. 
5,834,247, issued November 10, 1998, entitled "Modified 
Proteins Comprising Controllable Intervening Protein 
Sequences Or Their Elements Methods of Producing Same and 
Methods For Purification Of A Target Protein Comprised By A 
Modified Protein", and of U.S. S.N. 60/102,413, filed September 
30, 1998, entitled "Intein Mediated Peptide Ligation." 

BACKGROUND OF THE INVENTION 

The present invention relates to methods of intein- 
mediated ligation of proteins. More specifically, the present 
invention relates to intein-mediated ligation of expressed 
proteins containing a predetermined N-terminal residue 
and/or a C-terminal thioester generated via use of one or 
more naturally occurring or modified inteins. Preferably, the 
predetermined residue is cysteine. 

Inteins are the protein equivalent of the self-splicing 
RNA introns (see Perler et al., Nucleic Acids Res. 22:1125- 
1127 (1994)), which catalyze their own excision from a 
precursor protein with the concomitant fusion of the flanking 
protein sequences, known as exteins (reviewed in Perler et al., 
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Cum Opin. Chem, Biol. 1:292-299 (1997); Perler, F. B. Cell 
92(1):1-4 (1998); Xu et a\.,EMBO J. 15(19):5146-5153 (1996)). 

Studies into the mechanism of intein splicing led to the 
development of a protein purification system that utilized 
thiol-induced cleavage of the peptide bond at the N-terminus 
of the See VMA intein (Chong et al., Gene 1 92(2):271 -281 
(1997)). Purification with this Intein-mediated system 
generates a bacterially-expressed protein with a C-terminal 
thioester (Chong et al., (1997)). In one application, where it is 
described to isolate a cytotoxic protein, the bacterially 
expressed protein with the C-terminal thioester is then fused 
to a chemically-synthesized peptide with an N-terminal 
cysteine using the chemistry described for "native chemical 
ligation" (Evans et al., Protein Sc/. 7:2256-2264 (1998); Muir 
et al., Proa. NatL Acad. ScL USA 95:6705-6710 (1998)). 

This technique, referred to as "intein-mediated protein 
ligation" (IPL), represents an important advance in protein 
semi-synthetic techniques. However, because chemically- 
synthesized peptides of larger than about 100 residues are 
difficult to obtain, the general application of IPL is limited 
by the requirement of a chemically-synthesized peptide as a 
ligation partner. 

IPL technology would be significantly expanded if an 
expressed protein with a predetermined N-terminus, such as 
cysteine, could be generated. This would allow the fusion of 
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one or more expressed proteins from a host cell, such as 
bacterial, yeast or mammalian cells. 

One method of generating an N-terminal cysteine is with 
the use of proteases. However, proteases have many 
disadvantages, such as the possibility of multiple protease 
sites within a protein, as well as the chance of non-specific 
degradation. Furthermore, following proteolysis, the 
proteases must be inactivated or purified away from the 
protein of interest before proceeding with IPL. (Xu, et al., 
Proc. Natl. Acad, ScL USA 96(2):388-393 (1999) and Eriandson, 
et al., Chem. BioL, 3:981-991 (1996)) 

There is, therefore, a need for an improved intein- 
mediated protein ligation method which overcomes the noted 
limitations of current IPL methods and which eliminates the 
need for use of proteases to generate an N-terminal cysteine 
residue. Such an improved IPL method would have widespread 
applicability for the ligation of expressed proteins, for 
example, labeling of extensive portions of a protein for, among 
other things, NMR analysis. 

SUMMARY OF THE INVENTION 

in accordance with the present invention, there is 
provided a method for the ligation of expressed proteins 
utilizing one or more inteins which display cleavage at their 
N- and/or C-termini. In accordance with the present 
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invention, such inteins may occur either naturally or may be 
modified to cleave at their N- and/or C-termini. Inteins 
displaying N- and/or C-terminal cleavage enable the facile 
isolation of a protein having a C-terminal thioester and a 
protein having an N-terminal amino acid residue such as 
cysteine, respectively, for use in the fusion of one or more 
expressed proteins. Alternatively, the method may be used to 
generate a single protein having both a C-terminal thioester 
and a specified N-terminal amino acid residue, such as 
cysteine, for the creation of cyclic or polymerized proteins. 
These methods involve the steps of generating at least one C- 
terminal thioester-tagged first target protein, generating at 
least one second target protein having a specified N-terminal 
amino acid residue, for example cysteine, and ligating these 
proteins. This method may be used where a single protein is 
expressed, where, for example, the C-terminal thioester end 
of the protein is fused to the N-terminal end of the same 
protein. The method may further include chitin-resin 
purification steps. 

In one preferred embodiment the intein from the RIR1 
Methanobacterium thermoautotrophicum is modified to cleave 
at either the C-terminus or N-terminus. The modified intein 
allows for the release of a bacterially expressed protein 
during a one-column purification, thus eliminating the need 
proteases entirely. DNA encoding these modified inteins and 
plasmids containing these modified inteins are also provided 
by the instant invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram depicting botin the N-terminal and 
C-terminal cleavage reactions which comprise intein- 
medlated protein ligation. The modified Mth RIR1 intein was 
used to purify both MBP with a C-terminal thioester and T4 
DNA ligase with an N-terminal cysteine. The Mth RIR1 intein 
for N-terminal cleavage, intein(N), carried the P-iQ/N^s^A 
double mutation. The full length fusion protein consisting of 
MBP-intein(N)-CBD was separated from cell extract by binding 
the CBD portion of the fusion protein to a chitin resin. 
Overnight incubation in the presence of 100 mM 2- 
mercaptoethanesulfonic acid (MESNA) induced cleavage of the 
peptide bond prior to the N-terminus of the intein and created 
a thioester on the C-terminus of MBP. The C-terminal 
cleavage vector, intein(C), had the P-^G/CA double mutation. 
The precursor CBD-intein{C)-T4 DNA ligase was isolated from 
induced E. coli cell extract by binding to a chitin resin as 
described for N-terminal cleavage. Fission of the peptide bond 
following the C-terminal residue of the intein at a preferred 
temperature and pH resulted in the production of T4 DNA 
ligase with an N-terminal cysteine. Ligation occurred when 
the proteins containing the complementary reactive groups 
were mixed and concentrated, resulting in a native peptide 
bond between the two reacting species. 
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Figure 2A is a gel depicting the purification of a C- 
terminal thioester-tagged maltose binding protein (MBP) via a 
thiol-inducible Mth RIR1 Intein construct pMRBlOG (containing 
the modified intein, R(N), with P-'*G/N134a mutation) and the 
purification of T4 DNA ligase having an N-terminal cysteine 
using the vector pBRL-A (containing the modified intein, R(C), 
with R-'^G/CA mutation). Lanes 1-3, purification of maltose 
binding protein (MBP) (M, 43 kDa) with a G-terminal thioester. 
Lane 1. ER2566 cells transformed with plasmid pIVIRBlOG 
following Isopropyl B-D-thiogalactopyranoside (IPTG) 
induction. Lane 2. Cell extract after passage over a chitin 
resin. Note that the fusion protein, M-R(N)-B, binds to the 
resin, where B is the chitin binding domain. Lane 3. Fraction 
3 of the elution from the chitin resin following overnight 
incubation at 4^0 in the presence of 100 mM MESNA. Lanes 4- 
6, purification of T4 DNA ligase (L, 56 kDa) with an N- 
terminal cysteine. Lane 4. IPTG induced ER2566 cells 
containing plasmid pBRL-A. Lane 5. Cell extract after 
application to a chitin resin. B-R(C)-L, the fusion protein, 
binds to the resin. Lane 6. Elution of T4 DNA ligase with an 
N-terminal cysteine after overnight incubation at room 
temperature in pH 7 buffer 

Figure 2B is a gel depicting ligation of T4 DNA ligase 
having an N-terminal cysteine to a G-terminal thioester 
tagged MBP. Lane 1. Thioester-tagged MBP. Lane 2. T4 DNA 
ligase with an N-terminal cysteine. Lane 3. Ligation reaction 
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of MBP (0.8 mM) with T4 DNA ligase (0.8 mM), generating M-L, 
after overnight incubation at 4°C. 

Figure 3 is a gel depicting the effect of induction 
temperature on the cleaving and/or splicing activity of the 
Mth RIR1 intein or Mth RIR1 intein mutants. The Mth RIR1 
intein or mutants thereof, with 5 native N- and C-terminal 
extein residues were induced at either 15°C or 37°C. The 
intein was expressed as a fusion protein (M-R-B, 63 kDa) 
consisting of N-terminal maltose binding protein (M, 43 kDa), 
the Mth RIR1 intein (R, 15 kDa) and at its C-terminus was the 
chitin binding domain (B, 5 kDa). Lanes 1 and 2. M-R-B with 
the unmodified Mth RIR1 intein. Note the small amount of 
spliced product (M-B, 48 kDa). Lanes 3 and 4. Mth intein with 
Pro-1 replaced with Ala, M-R-B(P-iA). Both spliced product 
(M-B) and N-terminal cleavage product (M) are visible. Lanes 5 
and 6. Replacement of Pro-1 with Gly (M-R-B(P-iG)) showed 
some splicing as well as N- and C-terminal cleavage, M and M- 
R, respectively. Lanes 7 and 8. The Pro-1 to Gly and Cys^ to 
Ser double mutant, M-R-B(P-1G/C''S), displayed induction 
temperature dependent C-terminal cleavage (M-R) activity. 
Lanes 9 and 10. The M-R-B(P-"'G/N134A) mutant possessed 
only N-terminal cleavage activity producing M. The Mth intein 
or Mth intein -CBD fusion is not visible in this Figure. 

Figure 4 is a nucleotide sequence (SEQ ID NO:23) 
comparison of wild type Mth RIR1 intein and synthetic Mth 
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RIR1 intein indicating the location of 61 silent base mutations 
designed to increase expression in E. ooli. DNA alignment of 
the wild type Mth RIR1 intein (top strand) and the synthetic 
Mth RIR1 intein (bottom strand). To increase expression 
5 levels in E. coli, 61 silent base changes were made in 49 

seperate codons when creating the synthetic gene. The first 
and last codons of the wild type Mth RIR1 intein are shown in 
bold. 



10 DETAILED DESCRIPTION 

The present invention provides a solution to the 
limitations of current intein-mediated ligation methods by 
eliminating the need for a synthetic peptide as a ligation 
15 partner, and providing a method which is suitable for the 

fusion one or more expressed proteins. 



In general, any intein displaying N- and/or C-terminal 
cleavage at its splice junctions can be used to generate a 
20 defined N-terminus, such as cysteine as well as a C-terminal 

thioester for use in the fusion of expressed proteins. Inteins 
which may be used in practicing the present invention include 
those described in Perler, et al., Nucleic Acids Res., 
27(1):346-347 (1999). 

25 

In accordance with one preferred embodiment, an Intein 
found in the ribonucleoside diphosphate reductase gene of 
Methanobacterium thermoautotrophicum (the Mf/? RIR1 intein) 
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was modified for the facile isolation of a protein with an N- 
terminal cysteine for use in the in vitro fusion of two 
bacterially-expressed proteins. The 134-amino acid IVIth RIR1 
intein is the smallest of the known mini-inteins, and may be 
close to the minimum amino acid sequence needed to promote 
splicing (Smith et.al., J. Bacteriol. 179: 7135-7155 (1997)). 

The Mf/7 RIR1 intein has a proline residue on the N- 
terminal side of the first amino acid of the intein. This 
residue was previously shown to inhibit splicing in the See 
VMA intein (Chong et a!., J. Biol. Chem. 273:10567-10577 
(1998)). The intein was found to splice poorly in E. coli when 
this naturally occurring proline is present. Splicing 
proficiency increases when this proline is replaced with an 
alanine residue. Constructs that display efficient N- and C- 
terminal cleavage are created by replacing either the C- 
terminal asparagine or N-terminal cysteine of the intein, 
respectively, with alanine. 

These constructs allow for the formation of an intein- 
generated C-terminal thioester on a first target protein and 
an intein-generated N-terminal cysteine on a second target 
protein. These complementary reactive groups may then be 
ligated via native chemical ligation to produce a peptide bond 
(Evans et al supra (1998), Muir et al supra (1998)). 
Alternatively, a single protein containing both reactive groups 
may be generated for the creation of cyclic or polymerized 
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proteins. Likewise, more than one first or second target 
proteins nnay be generated via use of multiple mutant inteins. 

As used herein, the terms fusion and ligation are used 
interchangeably. Also as used herein, protein shall mean any 
protein, fragment of any protein, or peptide capable of ligation 
according to the methods of the instant invention. Further, as 
used herein, target protein shall mean any protein the ligation 
of which, according to the methods of the instant invention, is 
desired. 

The general method of intein-mediated protein ligation 
in accordance with the present invention is as follows: 

(1) An intein of interest is isolated and cloned into an 
appropriate expression vector(s) such as bacterial, plant, 
insect, yeast and mammalian ceils. 

(2) The intein is engineered for N- and/or C-terminal 
cleavage unless the wild type intein displays the desired 
cleavage activities. In a preferred embodiment, a modified 
intein with the desired cleavage properties can be generated 
by substituting one or more residues within and/or flanking 
the intein sequence. For example, a modified intein having N- 
terminal cleavage activity can be created by changing the last 
intein residue. Alternatively, a modified intein with C- 
terminal cleavage activity can be created by changing the 
first intein residue. 
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(3) The intein with N- and/or C-terminal cleavage 
activity is fused with an affinity tag to allow purification 
away from other endogenous proteins. 

(4) The intein or inteins, either wild type or modified, 
that display N-terminal and/or C-terminal cleavage, or both, 
are fused to the desired target protein coding region or 
regions upstream and/or downstream of the intein. 

(5) An intein that cleaves at its N-terminus in a thiol 
reagent dependent manner is used to isolate a protein with a 
C-terminal thioester. This cleavage and isolation is, for 
example, carried out as previously described for the See VMA 
and Mxe GyrA inteins (Chong et al., Gene 192(2):271-281 
(1997); Evans et a!., Protein ScL 7:2256-2264 (1998)). As 
discussed previously, multiple C-terminal thioester-tagged 
proteins may be generated at this step . 

(6) A target protein having a specified N-terminus is 
generated by cleavage of a construct containing an intein that 
cleaves at its C-terminus. The specified N-terminal residue 
may be any of the amino acids, but preferably cysteine. As 
discussed previously, this step may alternately generate a 
specified N-terminal on the same protein containing a C- 
terminal thioester, to yield a single protein containing both 
reactive groups. Alternatively, multiple proteins having the 
specified N-terminus may be generated at this step. 
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(7) Thioester-tagged target protein and target protein 
having a specified N-termini are fused via intein-mediated 
protein ligation (IPL) (see Figure 2B). In a preferred 
embodiment, the N-terminus is cysteine. Alternatively, a 
single protein containing both a C-terminal thioester and a 
specified N-terminus, such as a cysteine, may undergo 
intramolecular ligation to yield a cyclic product and/or 
intermoiecular ligation to yield polymerized proteins. 

The methodology described by the instant invention 
significantly expands the utility of current IPL methods to 
enable the labeling of extensive portions of a protein for NMR 
analysis and the isolation of a greater variety of cytotoxic 
proteins. In addition, this advance opens the possibility of 
labeling the central portion of a protein by ligating three or 
more fragments. 

The use of an intein or intelns with N-terminal and C- 
terminal cleavage activity provides the potential to create a 
defined N-terminus, such as a cysteine, and a C-terminal 
thioester on a single protein. The intramolecular ligation of 
the resulting protein generates a circular protein, whereas the 
intermoiecular ligation of several of these proteins generates 
a protein polymer. 

Cleavage at the N- and/or the C-terminus of an intein 
can be brought about by introducing changes to the intein 



Docket No.: NEB-154 

- 13 - 

and/or its extein sequences. Also, naturally occuring inteins 
may display these properties and require no manipulation. 
Cleavage at the N- and/or C-terminus of an intein can occur 
uncontrollably or induced using nucleophilc compounds, such 
as thiol reagents, temperature, pH, salt, chaotropic agents, or 
any combination of the aforementioned conditions and/or 
reagents. 

The Examples presented below are only intended as 
specific preferred embodiments of the present invention and 
are not intended to limit the scope of the invention except as 
provided in the claims herein. The present invention 
encompasses modifications and variations of the methods 
taught herein which would be obvious to one of ordinary skill 
in the art. 

The references cited above and below are herein 
incorporated by reference. 

EXAMPLE I 

Creation of the Mth RIR1 synthetic gene 

The gene encoding the Mth RIR1 intein along with 5 
native N- and C-extein residues (Smith et al. supra (1997)) 
was constructed using 10 oligonucleotides (New England 
Biolabs, Beverly, MA) comprising both strands of the gene, as 
follows: 
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1 ) 5'-TCGAGGCAACCAACCCCTGCGTATCCGGTGACACCATTGT 
AATGAGTAGTGGCGGTCCGCGCACTGTGGCTGAACTGGAG 
GGCAAAGGGTrCACCGCAC-3' {SEQ ID N0:1) 

2 ) 5'-GGGGTTGGCTGCTCGCCACAGTTGTGTACAATGAAGCCAT 
TAGCAGTGAATGCGCTAGCAGGGTAAACAGTAGCGTCATA 
AACATCCTGGCGG-3' (SEQ ID N0:2) 



3 ) 5'-pTGATTCGCGGCTCTGGCTACCCATGCCCCTCAGGTTTCTT 
1 0 CCGCACCTGTGAACGTGACGTATATGATCTGCGTACACGT 
GAGGGTCATTGCTTACGTTT-3' (SRQ ID N0:3) 



4 ) 5'-pGACCCATGATCACCGTGTTCTGGTGATGGATGGTGGCCTG 
GAATGGCGTGCCGCGGGTGAACTGGAACGCGGCGACCGCC 
1 5 TGGTGATGGATGATGCAGCT-3' (SEQ ID NO:4) 



5 ) 5'-pGGCGAGTTTCCGGCACTGGCAACCTTCCGTGGCCTGCGTG 
GCGCTGGCCGCCAGGATGTTTATGACGCTACTGTTTACGG 
TGCTAGC-3' (SEQ ID N0:5) 



20 



6 ) 5'-pGCATTCACTGCTAATGGCTTCATTGTACACAACTGTGGCG 
AGCAGCCAA-3' (SEQ ID N0:6) 



7 ) 5'-pCCAGCGCCACGCAGGCCACGGAAGGTTGCCAGTGCCGGAA 
2 5 ACTCGCCAGCTGCATCATCCATCACCAGGCGGTCGCCGCG 
TTCCAGTTCACCCGCGGCAC-3' (SEQ ID N0:7) 



8 ) 5'-pGCCATTCCAGGCCACCATCCATCACCAGAACACGGTGATC 
ATGGGTCAAACGTAAGCAATGACCCTCACGTGTACGCAGA 

30 TCATATACGT-3' (SEQ ID N0:8) 

9 ) 5'-pCACGTTCACAGGTGCGGAAGAAACCTGAGGGGCATGGGTA 
GCCAGAGCCGCGAATCAGTGCGGTGAACGGTTTGCCCTCC 
AGTTCAGCCACAGTGCG-3' (SEQ ID N0:9) 



35 
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1 0 ) 5'-pCGGACCGCCACTAGTCATTACAATGGTGTCACCGGATACG 
CAGGGGTTGGTTGCC-3' (SEQ ID NO: 10) 

To ensure maximal E. coli expression, the coding region 
of the synthetic Mth RIR1 intein incorporates 61 silent base 
mutations in 49 of the 134 codons (see Figure 4) in the 
wildtype Mth R1R1 intein gene (GenBank AE000845). The 
oligonucleotides were annealed by mixing at equimolar ratios 
(400 nM) in a ligation buffer (50 mM Tris-HCI, pH 7.5 
containing 10 mM MgGl2, 10 mM dithiothreitol, 1 mM ATP, and 

25 jag BSA) followed by heating to 95^0. After cooling to room 
temperature, the annealed and ligated oligonucleotides were 
inserted into the Xho\ and Age\ sites of pMYBS (NEB), replacing 
the See VMA intein and creating the plasmid pMRBSP. 

Engineering the Mth RIR1 intein for N- and C-terminal 

cleavage 

The unique Xhol and Spel sites flanking the N-terminal 
splice junction and the unique BsrG\ and Age\ sites flanking 
the C-terminal splice junction allowed substitution of amino 
acid residues by linker replacement. The proline residue, Pro" 
1, preceding the intein in pMRBSP was substituted with 
alanine or glycine to yield pMRBSA and pMRBSGI, respectively. 
Substitution of Pro-"*-Cysi with Gly-Ser or Gly-Ala yielded 
pMRB9GS and pMRBQGA, respectively. Replacing Asn''34 with 
Ala in pMRB8G1 resulted in pMRBIOG. The following linkers 
were used for substitution of the native amino acids at the 
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splice junctions (each linker was formed by annealing two 
syntlietic oligonucleotides as described above): 



P-iA linker: 



5'-TCGAGGCAACCAACGCATGCGTATCCGGT 
GACACGATTGTAATGA-3' (SEQ ID NO:11) 



10 



and 



P-iQ linker: 



5'-CTAGTCATTACAATGGTGTCACCGGATAC 
GCATGCGTTGGTTGCC-3' (SEQ ID NO: 12) 

5'-TCGAGGGCTGCGTATCCGGTGACACCATT 
GTAATGA-3 (SEQ ID N0:13)' 



15 



20 



and 



P-tG/G^S linker: 



and 



5'-CTAGTCATTACAATGGTGTCACCGGATAC 
GCAGCCC-3' (SEQ ID NO: 14) 

5'-TCGAGGGCATCGAGGCAACCAACGGATC 

CGTATCCGGTGACACCATTGTAATGA-3' 

(SEQIDN0:15) 

5'-CTAGTCATTACAATGGTGTCACGGGATAC 
GGATCCGTTGGTTGCCTCGATGCCC-3' 
(SEQ ID NO:16) 



25 



P-iQ/CM linker: 



5'-TCGAGGGCATCGAGGCAACCAACGGCGCC 
GTATCCGGTGACACCATTGTAATGA -3' 
(SEQiDNO:17) 



30 



and 



5'-CTAGTCATTACAATGGTGTCACCGGATAC 
GGCGCCGTTGGTrGCCTCGATGCGC-3' 
(SEQ ID NO:18) 



N134A linker: 



5'-GTACACGCATGGGGCGAGCAGCCCGG 
GA-3' 

(SEQ IDNO:19) 



35 



Docket No.: NEB-154 



- 17 - 

and 5'-CCGGTCCCGGGCTGCTCGCCGCATGC 
GT-3' 

(SEQ ID NO:20) 

pBRL-A was constructed by substituting the Escherichia 
coli maltose binding protein (MBP) and the Bacillus circulans 
chitin binding domain (CBD) coding regions in pl\/IRB9GA with 
the CBD and the T4 DNA ligase coding regions, respectively, 
subcloned from the pBYT4 plasmid. 

EXAMPLE II 

Generating a thioester-tagged protein: 

The pMRBlOG construct from Example I contains the Mth 
RIR1 intein engineered to undergo thiol reagent induced 
cleavage at the N-terminal splice junction (Figure 1, N- 
terminal cleavage) and was used to isolate proteins with a C- 
terminal thioester as described previously for the See VMA 
and Mxe GyrA inteins (Chong et al. supra 1997); Evans et al., 
supra (1998)). Briefly, ER2566 cells (Evans et.al. (1998)) 
containing the appropriate plasmid were grown at 37^0 in LB 
broth containing 100 jig/mL ampicillin to an ODeoo of 0.5-0.6 
followed by induction with IPTG (0.5 mM). Induction was 
either overnight at 15^C or for 3 hours at 30*^C. 

The cells were pelleted by centrifugation at 3,000xg for 
30 minutes followed by resuspension in buffer A (20 mM Tris- 
HCI, pH 7.5 containing 500 mM NaCI). The ceil contents were 
released by sonication. Cell debris was removed by 
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centrifugation at 23,000xg for 30 minutes and the supernatant 
was applied to a column packed with chitin resin (10 mL bed 
volume) equilibrated in buffer A. Unbound protein was washed 
from the column with 10 column volumes of buffer A. 

Thiol reagent-induced cleavage was initiated by rapidly 
equilibrating the chitin resin in buffer B (20 mM Tris-HCI, pH 
8 containing 500 mM NaCi and 100 mM 2-mercaptoethane- 
sulfonic acid (MESNA)). The cleavage reaction, which 
simultaneously generates a C-terminal thioester on the target 
protein, proceeded overnight at 4^C after which the protein 
was eluted from the column. The use of the pMRBlOG 
construct resulted in the isolation of MBP with a C-terminal 
thioester (Figure2A). 

Isolating proteins with an N-terminal cysteine 

The pBRL-A construct from Example I contains an Mth 
R1R1 Intein engineered to undergo controllable cleavage at its 
C-terminus, and was used to purify proteins with an N- 
terminal cysteine (Figure 1, C-terminal cleavage). The 
expression and purification protocol was performed as 
described in Example II, except with buffer A replaced by 
buffer C (20 mM Tris-HCI, pH 8.5 containing 500 mM NaCl) and 
buffer B replaced by buffer D (20 mM Tris-HCI, pH 7.0 
containing 500 mM NaCI). Also, following equilibration of the 
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column in buffer D the cleavage reaction proceeded overnight 
at room temperature. 

The expression of plasmid pBRL-A resulted in the 
5 purification of 4-6 mg/L cell culture of T4 DNA iigase 

possessing an N-terminal cysteine (Figure 2A). Protein 
concentrations were determined using the Bio-Rad protein 
assay (Bio-Rad Laboratories, Inc., Hercules, CA). 



10 EXAMPLE III 

Protein-protein ligation using Inteln-mediated 
Protein Ligation 



15 Intein-mediated protein ligation (IPL) was used to fuse 

two proteins (Figure 2B). Freshly isolated thioester-tagged 
protein from Example II was mixed with freshly isolated 
protein containing an N-terminal cysteine residue from 
Example II, with typical starting concentrations of 1-200 jitM. 

20 The solution was concentrated with a Centriprep 3 or 

Centriprep 30 apparatus (Millipore Corporation, Bedford, MA) 
then with a Centricon 3 or Centricon 10 apparatus to a final 
concentration of 0.15-1.2 mM for each protein. 



25 Ligation reactions proceeded overnight at 4^C and were 

visualized using SDS-PAGE with 12% Tris-glycine gels (Novex 
Experimental Technology, San Diego, CA) stained with 
Coomassie Brilliant Blue. Typical ligation efficiencies ranged 
from 20-60%. 
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Confirmation of ligation in IPL reactions 

A Factor Xa site in MBP that exists 5 amino acids N- 
terminal from the site of fusion (Maina et al, supra (1988)) 
allowed amino acid sequencing through the ligation junction. 
The sequence obtained was NH2-TLEGCGEQPTGXLK-COOH (SEQ 
ID NO:21) which matched the last 4 residues of MBP (TLEG) 
followed by a linker sequence (CGEQPTG (SEQ ID NO:22)) and 
the start of T4 DNA ligase (ILK). During amino acid 
sequencing, the cycle expected to yield an isoleucine did not 
have a strong enough signal to assign it to a specific residue, 
so it was represented as an X. The cysteine was identified as 
the acrylamide alkylation product. 

The Factor Xa proteolysis was performed on 2 mg of 
ligation reaction involving MBP and T4 DNA ligase. This 
reaction mixture was bound to 3 mL of amylose resin (New 
England Biolabs, Inc., Beverly, MA) equilibrated in buffer A 
(see Example II). Unreacted T4 DNA ligase was rinsed from 
the column with 10 column volumes of buffer A. Unligated 
MBP and the MBP-T4 DNA ligase fusion protein were eluted 
from the amylose resin using buffer E (20 mM Tris-HCI, pH 7.5 
containing 500 mM NaCI and 10 mM maltose). Overnight 
incubation of the eluted protein with a 200:1 proteinibovine 
Factor Xa (NEB) ratio (w/w) at 4^C resulted in the proteolysis 
of the fusion protein and regeneration of a band on SDS-PAGE 
gels that ran at a molecular weight similar to T4 DNA ligase. 
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N-terminal amino acid sequencing of the proteolyzed fusion 
protein was performed on a Procise 494 protein sequencer (PE 
Applied Biosystems, Foster City, CA). 

Temperature sensitivity of the Mth RIR1 intein 

The cleavage and/or splicing activity of the Mth RIR1 
intein was more proficient when protein synthesis was 
induced at 15^C than when the induction temperature was 
raised to 37^C (Figure 3). The effect temperature has on the 
Mth RIR1 represents a way to control the activity of this 
intein for use in controlled splicing or cleavage reactions. 
Replacement of Pro-1 with a Gly and Cys^ with a Ser resulted 
in a double mutant, the pMRB9GS construct, which showed only 
in vivo C-terminal cleavage activity when protein synthesis 
was induced at 15*^C but not at 37^C. Another double mutant, 
the pMRBSGA construct, displayed slow cleavage, even at 
15^C, which allowed the accumulation of substantial amounts 
of the precursor protein and showed potential for use as a C- 
terminal cleavage construct for protein purification. 
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WHAT IS CLAIMED IS: 

1. A method for fusion of expressed proteins, said method 
comprising the steps of: 

(a) generating at least one C-terminal thioester- 
tagged first target protein; 

(b) generating at least one second target protein 
having a specified N-terminal; and 

(c) ligating said first and said second target proteins. 

2. The method of claim 1, wherein said first target protein 
of step (a) Is generated from a first plasmid comprising 
at least one first intein having N-terminal cleavage 
activity and said second target protein of step (b) is 
generated from a second plasmid comprising at least one 
second intein having C-terminal cleavage activity. 

3. The method of claim 2, wherein said first intein 
comprises a first modified Mth RIR1 intein and wherein 
said second modified intein comprises a second modified 
Mth RIR1 intein. 

4. The method of claim 3, wherein said first modified Mth 
R1R1 intein is selected from the group consisting of a 
Pro'"* to Ala mutant intein, a Pro"'' to Gly mutant intein, 
and a Pro"^ - Asn^^"* to Gly-Ala mutant intein, and 
wherein said second modified Mth RIR1 intein is 
selected from the group consisting of a Pro'^ - Cys^ to 
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Gly-Ser mutant intein and a Pro'"' - Cys^ to Gly-Ala 
nnutant intein. 

The method of claim 3, wherein said first plasmid is 
selected from the group consisting of pMRBSA, pMRB8G1 
and pMRBlOG, and wherein said second plasmid is 
selected from the group consisting of pMRB9GS, 
pMRB9GA and pBRL-A. 

The method of claim 3, wherein said first target protein 
of step (a) is generated by thiol reagent-induced 
cleavage of said first modified Mth RIR1 intein and said 
second target protein of step (b) is generated by 
temperature and/or pH induced cleavage of said second 
modified Mth RIR1 intein. 

The method of claim 2, wherein said specified N- 
terminal of step (b) comprises cysteine. 

A method for fusion of expressed proteins, said method 
comprising the steps of: 

(a) constructing a first plasmid comprising at least 
one first target protein and at least one first 
modified intein, wherein said first modified intein 
is capable of thiol reagent-induced cleavage to 
produce a thioester at the C-terminal of said first 
target protein; 
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(b) constructing a second plasmid comprising at least 
one second target protein and at least one second 
intein having C-terminal cleavage activity, 
wherein said second intein is capable of cleavage 
to produce a said second target protein having a 
specified N-terminal; 

(c) generating at least one C-terminal thioester- 
tagged first target protein from said first plasmid 
of step (a); 

(d) generating at least one second target protein 
having a specified N-terminal from said second 
plasmid of step (b); and 

(e) ligating said first target protein of step (c) with 
said second target protein of step (d). 

The method of claim 8, wherein step (c) further 
comprises purifying said C-terminal thioester-tagged 
first protein and step (d) further comprises purifying 
said second target protein having a specified N-terminal. 

The method of claim 9, wherein said purifications of 
step (c) and step (d) comprise purification on a chitin 
resin column. 

The method of claim 8, wherein said first intein of step 
(a) comprises a first modified Mth RIR1 intein, and 
wherein said second intein of step (b) comprises a 
second modified Mth RIR1 intein. 
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10 



12. The method of claim 11, wherein said first modified Mth 
RIR1 intein is selected from the group consisting of a 
Pro'^ to Ala mutant intein, a Pro""* to Gly mutant intein, 
and a Pro"'' - Asn''^'^ to Gly-Ala mutant intein, and 
wherein said second modified Mth RIR1 intein is 
selected from the group consisting of a Pro"^ - Cys^ to 
Gly-Ser mutant intein and a Pro""^ - Cys^ to Gly-Ala 
mutant intein. 



13. The method of claim 12, wherein said first plasmid of 
step (a) is selected from the group consisting of 
pMRBSA, pMRBSGI and pMRBlOG, and wherein said second 
plasmid of step (b) is selected from the group consisting 

1 5 of pMRBQGS, pMRBQGA and pBRL-A. 

14. The method of claim 8, wherein said specified N- 
terminal comprises cysteine. 

20 15. A fusion protein produced by the method of any one of 

claims 1-14. 



16. A method for cyclic fusion of an expressed protein, said 
method comprising the steps of: 
25 (a) constructing a plasmid comprising at least one 

target protein, at least one first intein having N- 
terminal cleavage activity, and at least one second 
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intein having C-terminal cleavage activity, 
wherein said first intein is capable of thiol 
reagent-induced cleavage to produce a thioester at 
the C-terminai of said target protein and wherein 
said second intein is capable of cleavage to 
produce a specified amino acid at the N-ternninal 
of said target protein; 

(b) generating a C-terminal thioester-tagged target 
protein having a specified amino acid at its N- 
terminal from the plasmid of step (a); and 

(c) ligating the N-terminus of said target protein to 
the C-terminus of said target protein to produce a 
cyclic protein. 

A method for polymerization of an expressed protein, 

said method comprising the steps of: 

(a) constructing a plasmid comprising at least one 

target protein, at least one first intein having N- 
terminal cleavage activity, and at least one second 
intein having C-terminal cleavage activity, 
wherein said first intein is capable of thiol 
reagent-induced cleavage to produce a thioester at 
the C-terminal of said target protein and wherein 
said second intein is capable of cleavage to 
produce a specified amino acid at the N-terminal 
of said target protein; 
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(b) generating a C-terminal thioester-tagged target 
protein having a specified amino acid at its N- 
terminal from the plasmid of step (a); and 

(c) intermolecular ligation of said target proteins to 
5 yield a protein polymer. 



18. The method of claim 16 or 17, wherein said first intein 
of step (a) comprises a first modified Mth RIR1 intein, 
and wherein said second intein of step (a) comprises a 
10 second modified Mth R1R1 intein. 



19. The method of claim 18, wherein said first modified Mth 
RIR1 intein is selected from the group consisting of a 
Pro"^ to Ala mutant intein, a Pro''' to Gly mutant intein, 

15 and a Pro'"" - Asn^^"^ to Gly-Ala mutant intein, and 

wherein said second modified Mth RIR1 intein is 
selected from the group consisting of a Pro"^ - Cys^ to 
Gly-Ser mutant intein and a Pro - Cys'' to Gly-Ala 
mutant intein. 

20 

20. The method of claim 16 or 17, wherein said specified 
amino acid comprises cysteine. 



25 



21. A cyclic protein produced by the method of any one of 
claim 16. 
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A modified intein comprising a mutant Mth RIR1 intein 
capable of thiol reagent-Induced cleavage to produce a 
thioester at the C-terminal of an adjacent target 
protein. 

The modified intein of claim 22, wherein said mutant 
Mth RIR1 intein is selected from the group consisting of 
a Pro'^ to Ala mutant intein, a Pro"^ to Gly mutant intein, 
and a Pro'^ - Asn^^'^ to Gly-AIa mutant intein. 

A modified intein comprising a mutant intein capable of 
pH and temperature-Induced cleavage to produce a 
specified residue at the N-terminal of an adjacent 
target protein. 

The modified intein of claim 24, wherein said mutant 
intein comprises a mutant Mth R1R1 intein. 

The modified intein of claim 25, wherein said specified 
residue is cysteine. 

The modified intein of claim 25, wherein said mutant 
Mth R1R1 intein is selected from the group consisting of 
a Pro '' - Cys^ to Gly-Ser mutant intein and a Pro'"' - Cys^ 
to Gly-AIa mutant intein. 
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28. A plasmid comprising at least one modified intein of any 
one of claims 22-27. 



29. A plasmid comprising a modified Mth RIR1 intein, 
5 wherein said plasmid is selected from the group 

consisting of pMRBSP, pMRBSA, pMRB8G1, pMRBQGS, 
pMRB9GA, pMRBlOG and pBRL-A. 

30. A DNA segment encoding a modified Mth RIR1 intein, 

10 wherein said DNA segment is obtainable from a plasmid 

selected from the group consisting of pMRBBP, pMRBBA, 
pMRBBGI, pMRBQGS, pMRBQGA, pMRBlOG and pBRL-A. 
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ABSTRACT 



A method for the ligation of expressed proteins which 
utilizes inteins, for example the RIR1 intein from 
Methanobacterium thermotrophicum, is provided. Constructs 
of the Mth RIR1 intein in which either the C-terminal 
asparagine or N-terminal cysteine of the intein are replaced 
with alanine enable the facile isolation of a protein with a 
specified N-terminal, for example, cysteine for use in the 
fusion of two or more expressed proteins. The method 
involves the steps of generating a C-terminal thioester- 
tagged target protein and a second target protein having a 
specified N-terminal via inteins, such as the modified Mth 
R1R1 intein, and ligating these proteins. A similar method for 
producing a cyclic or polymerized protein is provided. 
Modified inteins engineered to cleave at their C-terminus or 
N-terminus, respectively, and DMA and plasmids encoding 
these modified inteins are also provided. 
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jiiiiiiii II iiiiiiii n liiiiiiiiiiiiiiiiiii 

, 39. TGTAATCACTA^^ 

101 CC5TCA(X:GCACTTATCAGGGGCTCAGGGTACCCCT^ 

I lilillMHi !i i mil II 111!! Illillilillll 
BS cgttcaccgc^ci^ttcgcg(x:tctggct^^ 



mm-. : 



151 TTCAGGACCTCOXSAACGGGACGTATAT^ 200 

III 1 I 11 I I nun 

139 Tax:CGaX:CTCf3?^^ 188 

201 TTGCTTAAGGTTGACCCATGATCACAG^^ 250 

I I I M i^ if 1 1 1 1 I I i 1 1 1 1 r I mnn k 1 1 h n 1 1 1 1 1 

189 TT^SC^ACGTTTGACCC^^ 238 

251 TGGAATGGCGTGCCGCCGGTGAACTTGAAAGGGGAGACCGCCTTGT^ 300 

./ iininiiiniiii niiiiii in.i ii^innin inn 

239 TGGAMK^ 288 




38 
100 
88 
150 
138 



35L GGGCGCCGGCCGCCAGGATCTC1!ATGACGCCACTGTC 

.::"'T:\''^ niit iirniiin iiiii iiiniii ii 

339 TGGCGCTXSGGCGCXaLGGA^ 388 
; ' ' ' 401 CATTCA^ 

ninHJ:Mi;inii: niii-n iiiiiiin 

389 CATTCACTGCTAATGGClTCATTGTACACAACTGT^ 438 
451 CTCACCCA'rGAA'462, 

- '"^^ " ] _ , 439 'GGTGAAtTC^,:|f^^47M^ 



'^'^:jSIX^^^^^'''^^~- ''' ' 



SEQUENCE LISTING 



<110> Evans, Thomas 
Xu, Ming-Qun 

<120> Intein-Mediated Protein Ligation Of Expressed Proteins 

<130> NEB-154 

<140> 
<141> 

<160> 24 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 1 

tcgaggcaac caacccctgc gtatccggtg acaccattgt aatgactagt ggcggtccgc 60 
gcactgtggc tgaactggag ggcaaaccgt tcaccgcac 99 

<210> 2 
<211> 93 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 2 

ccggttggct gctcgccaca gttgtgtaca atgaagccat tagcagtgaa tgcgctagca 60 
ccgtaaacag tagcgtcata aacatcctgg egg 93 

<210> 3 
<211> 100 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 3 

tgattcgcgg ctctggctac ccatgcccct caggtttctt ccgcacctgt gaacgtgacg 60 
tatatgatct gcgtacacgt gagggtcatt gcttacgttt 100 

<210> 4 
<211> 100 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 4 

gacccatgat caccgtgttc tggtgatgga tggtggcctg gaatggcgtg ccgcgggtga 60 
actggaacgc ggcgaccgcc tggtgatgga tgatgcagct 100 

<210> 5 
<211> 87 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 5 

ggcgagtttc cggcactggc aaccttccgt ggcctgcgtg gcgctggccg ccaggatgtt 60 
tatgacgcta ctgtttacgg tgctagc 87 

<210> 6 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 



2 



<400> 6 

gcattcactg ctaatggctt cattgtacac aactgtggcg agcagccaa 



49 



<210> 7 
<211> 100 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 7 

ccagcgccac gcaggccacg gaaggttgcc agtgccggaa actcgccagc tgcatcatcc 60 
atcaccaggc ggtcgccgcg ttccagttca cccgcggcac 100 

<210> 8 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum, 

<400> 8 

gccattccag gccaccatcc atcaccagaa cacggtgatc atgggtcaaa cgtaagcaat 60 
gaccctcacg tgtacgcaga tcatatacgt 90 

<210> 9 
<211> 97 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 9 

cacgttcaca ggtgcggaag aaacctgagg ggcatgggta gccagagccg cgaatcagtg 60 
cggtgaacgg tttgccctcc agttcagcca cagtgcg 97 

<210> 10 
<211> 55 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 10 

cggaccgcca ctagtcatta caatggtgtc accggatacg caggggttgg ttgcc 55 

<210> 11 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 



<210> 12 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum, 

<400> 12 

ctagtcatta caatggtgtc accggatacg catgcgttgg ttgcc 45 

<210> 13 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 



<400> 11 



tcgaggcaac caacgcatgc gtatccggtg acaccattgt aatga 



45 



<400> 



13 



tcgagggctg cgtatccggt gacaccattg taatga 



36 
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<210> 14 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 14 

ctagtcatta caatggtgtc accggatacg cagccc 36 

<210> 15 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 15 

tcgagggcat cgaggcaacc aacggatccg tatccggtga caccattgta atga 54 

<210> 16 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 16 

ctagtcatta caatggtgtc accggatacg gatccgttgg ttgcctcgat gccc 54 

<210> 17 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
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thermoautotrophicum. 



<400> 17 

tcgagggcat cgaggcaacc aacggcgccg tatccggtga caccattgta atga 54 

<210> 18 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 18 

ctagtcatta caatggtgtc accggatacg gcgccgttgg ttgcctcgat gccc 54 

<210> 19 
<211> 28 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 19 

gtacacgcat gcggcgagca gcccggga 28 

<210> 20 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 20 

ccggtcccgg gctgctcgcc gcatgcgt 28 

<210> 21 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 21 

Thr Leu Glu Gly Cys Gly Glu Gin Pro Thr Gly Xaa Leu Lys 
15 10 



<210> 22 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 22 

Cys Gly Glu Gin Pro Thr Gly 
1 5 



<210> 23 
<211> 462 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum. 

<400> 23 

caactcggga ggatagaggc aaccaacccc tgtgtatccg gtgacaccat tgtaatgaca 60 
tccgggggtc cgcggacagt ggctgaactg gagggcaagc ccttcaccgc acttatcagg 120 
ggctcagggt acccctgccc ctcaggtttc ttcaggacct gtgaacggga cgtatatgat 180 
cttagaacca gggagggtca ttgcttaagg ttgacccatg atcacagggt ccttgtaatg 240 
gatggtggtc tggaatggcg tgccgccggt gaacttgaaa ggggagaccg ccttgtgatg 300 
gatgatgctg caggggagtt tccggcactt gcaaccttca gaggcctcag gggcgccggc 360 
cgccaggatg tctatgacgc cactgtctac ggtgccagtg cattcacagc caatggattc 420 
atagtccaca actgtgggga gcagccactc ctcacccatg aa 4 62 

<210> 24 
<211> 447 
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<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Chemically 
Synthesized From Methanobacterium 
thermoautotrophicum, 

<400> 24 

ctcgaggcaa ccaacccctg cgtatccggt gacaccattg taatgactag tggcggtccg 60 
cgcactgtgg ctgaactgga gggcaaaccg ttcaccgcac tgattcgcgg ctctggctac 120 
ccatgcccct caggtttctt ccgcacctgt gaacgtgacg tatatgatct gcgtacacgt 180 
gagggtcatt gcttacgttt gacccatgat caccgtgttc tggtgatgga tggtggcctg 240 
gaatggcgtg ccgcgggtga actggaacgc ggcgaccgcc tggtgatgga tgatgcagct 300 
ggcgagtttc cggcactggc aaccttccgt ggcctgcgtg gcgctggccg ccaggatgtt 360 
tatgacgcta ctgtttacgg tgctagcgca ttcactgcta atggcttcat tgtacacaac 420 
tgtggcgagc agccaaccgg tgaattc 447 
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New England Biolabs, Inc. 

'32 T'ozer Road 
Beverly, MA 01915 



DECLARATION 
AND POWER OF ATTORNEY 
Original Application 



Attorney Docket No. NEB-154 



As a below named inventor, 1 hereby declare that: 

My residence, post address and citizenship are as stated below next to my name 

I believe that I am the original, first and sole inventor (in only one name is listed at 201 below) or an original, 
first and joint inventor (if plural names are listed at 201-203 below) of the subject matter which is claimed and 
which a patent is sought on the invention entitled: 

INTEIN-MEDIATED PROTEIN LIGATION OF EXPRESSED PROTEINS 



which is described and claimed in: 
[ X ] the attached specification or 



] the specification in Application Serial No. 



filed. 



(for declaration not accompanying application) 

And was amended on 

' " if applicable 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the 
; claims, as amended by any amendments referred to above. I acknowledge the duty to disclose information which 

is material to the examination of this application in accordance with Title 37, Code of Federal Regulations, §1. 56(a). 
,J hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s) for 
I'^patent or inventor's certificate listed below and have also identified below any foreign application for patent or 
jr^nventor's certificate listed below and have also identified below any foreign application for patent or Inventor's 



FOREIGN APPLICATIO 


N(S) IF ANY, FILED WITHIN 12 MONTHS PRIOR TO THE FILING DATE OF THIS APPUCATION 


'COUNTRY 


APPLICATION 


DATE OF FILING 
(day, month, 
year) 


PRIORITY CLAIMED UNDER 
35 U.S.C. 119 








YES NO 








YES NO 


: ALL FOREIGN APPLICATION(S) IF ANY, FILED MORE THAN 12 MONTHS PRIOR TO THE FILING DATE OF THIS APPLICATION 


COUNTRY 


APPLICATION 


(day, month, 
year) 


PRIORITY CLAIMED UNDER 
35 U.S.C. 119 



















I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, United States Code §112, I 
acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, §1. 56(a) 
which occurred between the filing date of the prior application and the national or PCT international filing date 



Application Serial No. 


Filing Date 


Status (Patented, Pending, 
Abandoned) 


08/81 1 ,492 


5-Mar-97 


Patented 


60/102,413 


30-Sep-98 


Pending 
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POWER OF ATTORNEY: 

As a named inventor, i hereby appoint the following attorney with full powers of association, 
substitution and revocation to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith: 

Gregory D. Willianns 

(Registration No. 30901) 

SEND CORRESPONDENCE TO: DIRECT TELEPHONE CALLS TO: 

Gregory D. Williams Gregory D. Williams 

General Counsel General Counsel 

New England Biolabs, Inc. New England Biolabs, inc. 

32 Tozer Road Tele: (978) 927-5054; Ext. 292 

Beverly, MA 01915 Fax: (978) 927-1705 
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Full Name of 
Inventor 


Last Name 

Evans 


First Name 

Thomas 


Middle Name 

c. 


0 


Residence & 
Citizenship 


City 

Somerville 


State/Foreign Country 

Massachusetts 


Citizenship 
USA 


0 


Post Office Address 


Post Office Address 

68 Albion St. ist pioor 


City/State/Country 

Somerville, MA 


Zip Code 
02143 


2 


Full Name of 
Inventor 


Last Name 
Xu 


First Name 

Mlng-Qun 






Residence & 
Citizenship 


City 

Hamilton 


State/Foreign Country 

Massachusetts 


Citizenship 

China 


2 


Post Office Address 


Post Office Address 
40 Cresecent Road 


City/State/Country 
Hamilton, MA 


Zip Code 
01982 
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Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


3 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


2 


Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


4 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


2 


Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


5 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 
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Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


6 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


2 


Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


7 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


2 


Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


» 

o 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


2 


Full Name of 
Inventor 


Last Name 


First Name 


Middle Name 


0 


Residence & 
Citizenship 


City 


State/Foreign Country 


Citizenship 


9 


Post Office Address 


Post Office Address 


City/State/Country 


Zip Code 


1 hereby further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true and further that these statements 
were made with the knowledge that willful statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such 
willful false statements mav ieopardize the validity of the application or any patent issued thereon. 


^^---^ / Signature of Inyentor 201 


Date 


Signature of lnvent(5r 202 


Date 




Sign^urfe^ 


of Inventor 203 


Date 


Signature of Inventor 204 


Date 


Signature of Inventor 205 


Date 


Signature of Inventor 206 


Date 


Signature of Inventor 207 


Date 


Signature of Inventor 208 


Date 


Signature of Inventor 209 


Date 



